WHAT'S KNOWN ON THIS SUBJECT: Preschool language delay is associated with poorer academic performance, more limited employment opportunities, and relationship difficulties. Despite its importance within public health, there has been little progress toward effective population-based prevention and intervention approaches to improve outcomes.
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Children who have oral language delay at school entry are at risk for lasting difficulties. These are not restricted to children presenting clinically, 1 and go well beyond early literacy and "school readiness" to increasingly apparent associations with emotional, behavioral, and social difficulties. [2] [3] [4] [5] Because of long-term impacts on adult literacy, mental health, and employment, 6 effective population-level interventions could make a major contribution to society. 7, 8 Therefore, it is encouraging that the last decade has seen rapid growth in trials examining treatments for children who have speech and language delays/ disorders. The 2012 Cochrane review included 54 intervention trials in metaanalyses, 9 showing positive outcomes for expressive vocabulary (effect size 0.7; 95% confidence interval [CI] 0.05-1.25; P = .04) and syntax (effect size 0.6; 95% CI 0.15-1.95; P = .01), but less clear benefits for receptive language. However, major limitations were common, including small sample sizes (often fewer than 20 in each arm), limited follow-up, lack of clear protocols or intervention detail, heterogeneity, and few replications. As most interventions were delivered by speech and language therapists in clinical settings, underlying populations were often not well characterized, and few could be construed as "effectiveness" trials with the potential for large-scale roll out. Finally, few included any economic analysis, making it impossible to establish costs versus benefits.
Recognizing these limitations, we report on a novel population-based trial targeting 4-year-olds, designed so the intervention could feasibly be rolled out in the community and address identified evidence gaps with adequate statistical power. We chose this age because toddlerhood may be too early, as most late talkers resolve spontaneously by ages 3 10 and 4 years 11 (ie, low specificity) and false-negatives are also common up to at least 3 years 12 (ie, low sensitivity). Conversely, school age may be too late, with short-term benefits not sustained to 12 months in the only rigorous, large, schoolbased trial to date. 13 Specifically, we aimed to determine whether a population-based intervention targeting children ascertained with language delay (expressive and/ or receptive scores more than 1.25 SD below the mean) at their fourth birthday improves language and associated outcomes. We hypothesized that, compared with control subjects, benefits to the intervention group at 5 years would include better mean scores on:
Standardized measures of expressive and receptive language (primary outcomes)
Related secondary outcomes of phonological awareness skills, letter knowledge, pragmatic language skills, behavior, and health-related quality of life We also report intervention parents' evaluation of the program, and estimate the costs of its delivery.
METHODS

Study Design
Language for Learning (ISRCTN03981121) was a randomized controlled trial nested within a cross-sectional populationbased ascertainment of language delay. It was conducted in 8 of the 31 local government areas (LGAs) comprising greater Melbourne, Australia (population 4.0 million in 2011 14 ) . Methods are detailed in the published protocol 15 ; Fig 1 summarizes Participants were re-recruited from 2 previous population-based early childhood trials, Let' s Learn Language 10 and Let' s Read, 16 both with robust null findings and over 88% retention at age 3 years. Let' s Learn Language was conducted within 3 LGAs drawn from the lower, middle, and upper socioeconomic tertiles, respectively, as ranked by the Australian censusderived Socioeconomic Indexes For Areas Index of Disadvantage. 17 Within the most disadvantaged tertile, Let' s Read selected a convenience sample of 5 LGAs.
As children turned 4 years of age (Let' s Read, March-July 2010; Let' s Learn Language, May-December 2010), 1661 parents were mailed a questionnaire and consent forms for the 4-year-old assessment and entry into the trial if subsequently eligible (Fig 2) .
Research assistants then conducted baseline assessments in the home. Children were eligible for the trial if their expressive and/or receptive language scores were more than 1.25 SD below the normative mean of 100 on the Clinical Evaluation of Language Fundamentals -Preschool, 2nd Edition (CELF-P2), 18 corresponding to a standard score of #81.25. Exclusion criteria were known intellectual disability, major medical conditions, hearing loss .40 decibel in the better ear, autism spectrum disorder, or parents with insufficient English to participate.
Randomization and Blinding
Eligible children were allocated to intervention or "usual care" (control) arms in a 1:1 ratio by an independent researcher by using a computergenerated random number sequence, concealed using sealed opaque envelopes. Randomization was stratified by previous trial (Let' s Read or Let' s Learn Language) and nature of language problem (receptive, expressive, or both receptive and expressive), and blocked within each stratum using randomly permuted block sizes in a nonsystematic sequence. Outcome assessors were blind to group allocation but, once allocated, participants could not be blinded.
Eligible parents were phoned to inform them about their child's language status. Once randomized, control parents were informed of group allocation and local speech pathology services (if desired) by mail; they did not receive the intervention at any point. We recontacted intervention parents to book sessions and mail intervention information.
The intervention (see Fig 1) was designed to promote narrative skills, vocabulary and grammar, and phonological awareness and preliteracy skills, commencing within 2 months of the 4-year-old baseline assessment. We included both oral language and phonological awareness skills because the two are clearly related, 19 with phonological awareness skills vital both to early word learning (central to the development of oral language skills) 20 and to helping children who have spoken language impairment achieve success in literacy. 21, 22 The program' s development and content are detailed in the trial' s published protocol. 15 Because language delay is clearly not homogeneous by 4 years, we designed a program that is both standardized and replicable, yet flexible enough for children with diverse cognitive and language profiles, 23 unlike the standardized, uniform programs currently the focus of research at younger ages. 24, 25 We also aimed for greater intensity and duration than achieved in most clinical services, 26 because the limited literature suggests a doseresponse relationship 27 with both duration 28 and intensity, 29 but it is unclear how consistent these findings are. 30 Weighing dose-response imperatives against cost, logistic, and workforce constraints, as well as parent priorities, led to our design of an 18-session homebased program. A trained "language assistant" visited the child and at least 1 caregiver at home for weekly 1-on-1 sessions, divided into three 6-week blocks starting every 3 months; missed sessions were rescheduled when possible. The format of each session was standardized to cover: (1) brief review of the previous week; (2) activities introduced by the language assistant directed at the child; (3) activities for parent and child together, with support from the language assistant; and (4) activities for home practice. For these "homework" tasks, parents were asked to practice language-specific and storybook reading targets with their child during the week, and to keep diaries about each of these activities on a
FIGURE 1
Pictorial diagram 45 of Language for Learning trial. ARTICLE weekly basis; phonological awareness skills were not specifically targeted for home practice. The diaries were designed not as a compliance measure, but to provide parents with guidance and reinforcement for the activities set and to aid them in discussion with the therapist at the next session.
The manual design was modeled on that of Boyle, 13 and explained program principles and domains and documented activities and their hierarchies, and provided brief tasks to monitor the child' s progress toward their individual goals. Each activity had standardized supporting materials and manual instructions. The program was personalized by selecting harder or easier activities according to profile, severity, and progress. The 19th session (the 5-year-old language assessment) comprised the outcome measures for this report; a subsequent 20th session (not contributing to these outcomes) provided feedback on the child' s progress.
Training and Personnel
The 10 language assistants were psychology and sociology university graduates. Their training comprised a 1-day group workshop (May 2010) followed by individual training with Dr Zens, the supervising speech pathologist (2 hours each; June 2010). Each assistant then observed Dr Zens delivering at least 2 sessions and, once they had commenced delivering sessions independently, was observed by Dr Zens on 2 occasions to ensure treatment fidelity. Two additional half-day group workshops on assessment and feedback were completed (September 2010 and May 2011). The language assistants sought ongoing guidance from Dr Zens as needed (∼0.5 hours per week, per assistant).
FIGURE 2
Participant flow-chart for Language for Learning. Table 1 shows the primary and secondary outcomes. At the 5-year follow-up visit, intervention parents also completed a short process questionnaire evaluating the program' s content, structure, and perceived resulting changes in parent and child communication.
Measures
Program Costs
Costs were estimated in 2012 Australian dollars (A$1 = US$1.02 = £0.63, October 2012), with an annual discount of 3%, using project team and provider records. As well as the cost of training therapists (see above), we estimated the costs of delivering the therapy sessions, that is, booking, rescheduling, preparing, and facilitating each of the 18 home visit sessions (∼1 hour contact time and 20 minutes noncontact time per session); the 5-year assessment (1.25 hours); feedback session (30 minutes); and related travel and intervention material costs. Staff time was valued by using hourly wage rates (assistant A$39.43, supervisor A$54.76), including 27% salary oncosts to reflect leave entitlements and superannuation. Travel was valued at a standard unit cost of A$0.80 per kilometer and materials were valued at market price. Overhead costs, to reflect additional costs of building and support services used by program staff, were estimated as 22% of combined staff, travel, and materials costs. Program costs were assigned to families who received some component of the intervention.
Sample Size
We anticipated that 1500 children would be assessed at 4 years, allowing for 20% loss to follow-up. Assuming 240 (16%) would be eligible, 10% would decline participation, and 1% would be excluded, we estimated 210 children would enter the trial (105 in each arm). Ten-percent attrition would provide 94 children in each trial arm at outcome, giving 80% power to detect a difference of 0.41 SD at the 5% level of significance.
Statistical Analysis
Using the intention-to-treat principle, participants with outcome data (completers) were analyzed according to the arm to which they were randomized. We compared mean outcomes by using linear regression in unadjusted analyses and analyses adjusted for the following prognostic factors: child gender, mother' s education level, recruitment from Let' s Read or Let' s Learn Language, expressive and receptive language scores at baseline, and baseline measure of the outcome being considered when available. Table 3 shows that, at outcome, the adjusted analyses provided weak evidence for a small improvement in expressive language (P = .12, effect size 0.2), and little evidence for an improvement in receptive language (P = .69) in the intervention arm relative to the control arm. Of the secondary outcomes, there were sizeable benefits to phonological awareness skills (P , .001, effect size 0.6) and letter knowledge (P = .03, effect size 0.3), both explicit targets of the therapy, but not to parent-reported pragmatic aspects of language, behavior, or health-related quality of life. Of the CELF-P2 subscales, only Word Structure showed evidence of a difference between trial arms (P = .006, effect size 0.4).
Outcomes at 5 Years
Exploratory interaction analyses provided little evidence that the effect of the intervention on expressive and receptive language was modified by modality of language delay, specific versus nonspecific language delay status, or mother' s education (P values all .0.3).
Process Evaluation
Nearly 100% of parents rated the therapy structure as good/very good, with a mean score for each element, including homework, 3.6 to 3.8 out of 4. Parents felt strongly that the therapy had changed how they communicated with their child and also how their child communicated with them (mean 3.0, SD 0.8, for both). Many parents reported that these changes generalized to other communication situations, with the lowest impact reported for changing the child' s behavior (Table 4) .
Program costs were A$300 514, or A $3231 per family. This comprised the cost of a speech pathologist training and supervising the language therapists (A$10 676), delivering the 18 home visit therapy sessions (A$87 675), the 5-year assessment (A$5452), the feedback session (A$2820), intervention materials (A$6131), related travel (A$133 569), and overheads costs (A$54 191).
DISCUSSION Principal Findings
This is the first trial to take a population approach to systematic measurement of language delay followed by targeted intervention in 4-year-old children.
We have shown that it is feasible and acceptable for staff supervised by a speech pathologist to deliver a 1-on-1, standardized yet flexible, 18-session, home based intervention program over a 10-month period to children identified with low language. The promising 5-year-old outcomes indicate benefit to phonological skills and letter knowledge: both intermediaries to subsequent literacy and probably language, and both specifically targeted by the program. However, there was little evidence of benefit to the primary outcome of receptive language, and evidence of improvements in expressive language was weak. The program delivery cost of $3231 per family seems modest for its intensity and duration, and would probably decrease were the program to be fully delivered locally, as travel was the largest cost component of the program as delivered from our tertiary referral center.
Strengths
The program was rated positively by parents and was not harmful. The components of therapy were not controversial; they are already widely used clinically by speech-language therapists, and a similarly flexible yet standardized approach is already known to be feasible and acceptable to parents and older children. 13 Our innovation is in (1) the systematic identification of language delay, (2) close attention to program delivery and dose in preschoolaged children, and (3) use of nonspecialist therapists. The trial responds to identified evidence gaps, 9,31 has outcomes of direct relevance to families and the community, and has rigorously measured costs foreshadowing a future economic analysis.
The research design included random allocation, careful quality control of program delivery, high program attendance and overall retention rates, and blinding of all directly assessed outcomes. The manualized program meant that the intervention was tailored to children' s individual needs while following an explicit, replicable protocol. We mimicked actual practice in functioning public health screening programs by obtaining parent consent before the baseline assessment, while preserving their ability to subsequently decline the intervention. All these features indicate high internal and external validity and likely generalizability of findings.
Limitations
The benefits to both directly assessed secondary measures were substantial, plausible (because they reflect direct program content 32 ) , and likely to flow on to subsequent literacy benefits. The fact that we saw benefits in 3 of the 4 directly assessed outcomes, but none of the parent-reported outcomes, suggests lack of parent blinding did not bias outcomes. Our findings may not This is the only trial of its type in which participants were recruited to a targeted intervention via populationascertained language skills. Three other trials have examined service-level data, but delivered "speech and language therapy" rather than specifying a replicable, manualized intervention as in the present trial. 26, 29, 33 A second and perhaps more important issue is the relationship between population ascertainment or screening on the 1 hand and intervention on the other, and the uncertain effectiveness of both 31, 35, 36 ; as a result, policies to implement language screening have thus far seemed contraindicated. Our trial may go some way toward resolving this issue in favor of population ascertainment, in the event that an adequate screen and sufficient resources are in place. Although the program might not suffice for children who have more severe difficulties for whom other, more intensive, interventions are known to be effective, 32 such children could be rapidly triaged if progress lags.
CONCLUSIONS
Given that children who have language impairment are at increased risk for developing reading problems and the robust evidence linking phonological awareness and letter knowledge with later literacy skills, these outcomes are promising. The trial provides the best evidence yet that language delay can be systematically identified and efficiently addressed before formal schooling starts. Such a well-tested intervention, delivered to children by a range of health and educational professionals, might help address inequitable distributions and perceived shortages of speech-language therapists in many English-speaking countries [37] [38] [39] and thence a real and timely health services policy imperative. 34 Further follow-up is ongoing. This will quantify the population outcomes of language delay in this group, determine the longer-term program impacts on children' s language, literacy, and service use, and, in turn, its overall health care and societal costs and benefits.
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